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Extensive field surveys indicate that the distribution of the 
major grass species in the south-western Orange Free State 
is associated with soil types within local climatic zones. 
Principal components analysis exposed previously 
undetected relationships between mesophytic species and 
soils of sandy texture at the xerophytic edge of their 
distribution. Data on botanical composition and basal cover 
were collected at 135 sites grouped into three soil groups 
within two rainfall zones. Species are grouped on the basis 
of frequency in sites classified by soil pH, clay content and 
rainfall . For each habitat type, seral groupings of species 
are recorded and climax species lists are suggested as 
ecological benchmark communities to the habitats 
concerned. The study supplies new information on the 
causal factors of plant distribution at the interface between 
mesophytic subtropical grassland and Kalahari Desert 
vegetation types. 
S. A fr. J. Bot. 1986, 52: 30 - 38 
Uitgebreide veldopnames toon dat die verspreiding van die 
belangrikste grassoorte in die suidwestelike Oranje-Vrystaat 
geassosieerd is met die grondtipes binne plaaslike 
klimaatsones. Hoofkomponente-analise het voorheen 
onopgespoorde verwantskappe tussen mesofitiese spesies 
en grande met 'n sanderige tekstuur en die xerofitiese rand 
van hulle verspreiding, aangetoon. Data oar die 
plantkundige samestelling en basale bedekking is op 135 
terreine versamel en in drie grondgroepe, binne twee 
reenvalsones groepeer. Spesies word op die basis van 
frekwensie op terreine geklassifiseer en volgens grand-pH, 
klei-inhoud en reenval groepeer. Vir elke habitat-tipe word 
serie-groeperings aangeteken en klimaksspesielyste 
voorgestel as ekologiese verwysingsgemeenskappe vir die 
betrokke habitatte. Die studie verskaf nuwe inligting 
aangaande die faktore wat plantverspreiding by die raakvlak 
tussen mesofitiese subtropiese grasveld en Kalahariwoestyn 
plantegroeitipes, veroorsaak. 
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Introduction 
Wh~re natural grazing land is used by domestic stock a prime 
aim of grazing land management should be to maintain the 
.highest biological productivity. Because certain retrogressive 
changes in semi-arid vegetation are irreversible, prevention of 
deterioration is necessary. Understanding of species responses 
to grazing is essential both for assessing the potential vegetative 
composition and for classifying grazing land for management 
purposes. Condition assessment of land originated in North 
America. The first proposal to apply these techniques to veld 
in South Africa was published by Roberts (1970). More 
recently there has been greater South African interest in veld 
condition assessment following the scheme of Foran et at. 
(1978) and the subsequent revision by Tainton eta!. (1980). 
Their approach is based on the Quantitative Climax Method 
developed by Dyksterhuis (1949) from the findings of 
Sampson (1919). Condition is assessed by the amount of 
climax vegetation at any site, relative to the benchmark (or 
ideally managed) site. This study investigates the grassland 
flora of and aims to define benchmark sites in the south-
western Orange Free State sandveld. 
Materials and Methods 
Location 
The study area is in the south-western Orange Free State, 
between latitudes 29°S and 30°S, and longitudes 24°E and 
26°E and it embraces the magisterial clistricts of Koffiefontein, 
Petrusburg, Fauresmith, Jacobsdal and the western section 
of Bloemfontein. 
Climate 
The climate is BD'd (i.e . . semi-arid warm steppe) 
{Thornthwaite 1931). The mean annual rainfalJ ranges from 
300- 500 mm, occurring mainly as thunderstorms from spring 
to autumn. December and January are the hottest months 
and June and July are the coldest. Frosts occur regularly from 
May to September. 
Topography 
Most of the area is flat to gently rolling, lying I 100- 1 400 m 
above sea level with isolated dolerite hills rising up to almost 
2 000 m. Water courses are all but absent in the study area. 
Their place is taken by areas of water accumulation: pans or 
depressions occur which hold water for limited periods. 
During the winter they dry up, some into salt lakes. 
Soil 
The soils of the area are allied to Kalahari Desert soils (Van 
der Merwe 1962), the main subgroup being Kalahari sand on 
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limestone. These soils are windblown in origin. Well developed 
soils are light brown through reddish-brown to brick-red. They 
are sandy, generally even-grained, coherent, friable and low 
in humus. Depth varies from a few centimetres to about 2 400 
mm with little change in texture or structure. 
Soils on the slopes of hills are derived from dolerite and 
are mainly colluvial. They are reddish-brown clay loam to 
clay, grading with depth into decomposing rock. 
Vegetation 
The study area is designated as False Upper Karoo Veld 
(Acocks 1975). Mostert eta/. (1971) maintain that this area 
of the False Upper Karoo was predominantly Themeda 
triandra before white settlement. Karoo bushes (dwarf steppe) 
were apparently unknown in the area then. In time the peren-
nial grass cover virtually disappeared through overgrazing, 
trampling and selective grazing and was largely replaced by 
Karoo-like vegetation, described by Acocks (1975) as 'false' 
Karoo veld. 
Sites 
All known areas dominated by strong perennial grasses were 
selected for sampling. Where available, adjacent 'fenceline 
contrast' sites were also recorded. Sampling sites were usually 
150 x 60 m where the veld and soil surface characteristics 
were judged to be uniform. 
Data recorded 
At each of 135 sites data were recorded at 2 000 points using 
the wheel point survey method of Tidmarsh & Havenga 
(1955). A single wheel with a circumference of 3 m was used, 
with two recordings per revolution. Strikes on rooted live basal 
plant material were recorded, and in the absence of a strike, 
'nearest plant' data, litter and stones were recorded. Soils were 
sampled to depths of 100, 300, 600, 900 and 1 200 mm. Soil 
analysis included pH (1:25 water suspension), available 
phosphorus (p.p.m.) using the colormetric method of Fogg 
& Wilkinson (1958) after extraction with sodium bicarbonate 
(Olsen eta!. 1954), and particle size (by hydrometer). Other 
site data recorded included an erosion estimate, distance to 
water, grazing history and rainfall. 
The field work indicated that species distribution was 
influenced by average rainfall and soil texture. The data on 
relative percentage frequency of species (calculated from 
'nearest plant' data) were analysed by principal component 
analysis (P.C.A.). A matrix was developed using six broad 
site types (based on rainfall and soil texture) and only the more 
common species, i.e. those that occurred in most sites within 
a site type, or occurred in at least half the sites in two or more 
site types. 
The two rainfall zones were greater than, and less than, 
400 mm. Initially 130 sites were used in the analysis - five 
rocky hilly sites were omitted. Twenty-one grasses and twenty-
one non-grasses were used in the analysis (see Appendix 1). 
Results and Discussion 
Floristic ordination of sites 
The analysis showed a strong negative correlation at the first 
eigen vector between Themeda triandra and Eragrostis 
lehmanniana. Species associated with Themeda included the 
grasses Sporobolus fimbria/us, Digitaria eriantha, Cym-
bopogon p!urinodis, Eragrostis obtusa and Digitaria 
argyrograpta, and the non-grasses Nest/era conferta, Nenax 
microphyl!a and Berkheya onopordifolia. The only species 
closely associated with Eragrostis /ehmanniana was Stipa-
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grostis unip!umis. 
However, only 11 ,5607o of the variability was accounted for 
by the first component. Reasons for this included the range 
of species occurring on a site type (e.g. only Eragrostis 
/ehmanniana and Aristida congesta subsp. congesta occurred 
at all sites), while within a site type the relative percentage 
frequency of species had a wide range of values. Nevertheless 
there was a definite indication of groupings of site types. 
To identify the sites more clearly they were allocated a high 
or low sera) status. Those sites not fitting either of these 
categories formed an intermediate group. 
Habitat description of grouped sites 
The six site types were based on the three soil groups 
encountered, and two rainfall zones (high and low). The soil 
groups used were: 
A. Sandy apedal soils; 
B. Light textured apedal soils ranging from sands on the 
surface to sandy clay loams at depth; 
C. Soils with medium to heavy textures (often structured). 
The 58 high sera) sites and 43 low seral sites were further 
examined using non-orthogonal analysis of variance. Sites 
were placed in the original rain- soil groups used in the 
P.C.A. with the following amendments- the alkaline soils 
in the low rainfall A soils were separated and called A 1 soils, 
while the remainder became Az soils; and the C high rain soils 
were subdivided into two groups C 1 and C2 on clay content 
with the Cz soils having the highest clay content. The number 
of cells in each rain - soil group used in the analysis is shown 
in Table 2. Sites allocated a high seral status had to have a 
minimum percentage of strong perennial grasses- this varied 
for each site type as shown in Table I. Sites were not included 
in this group if they contained (i) more than 30% annual 
grasses, (ii) more than 20% non-grasses or (iii) more than 40% 
annual grasses plus non-grasses. 
Sites allocated a low seral status were those with more than 
40% annual grasses or more than 50% annual grasses plus 
non-grasses. In this way the 130 sites were classified into 58 
Table 1 Minimum percentage of 
strong perennial grasses present in 
sites allocated a high sera! status 
Site type Perennial grass 
Soil* Rainfall (mm) OJo 
A <400 15 
>400 25 
B <400 15 
>400 45 
c <400 50 
>400 55 
*See soil description 
Table 2 Number of sites with high and low sera! 
status in each rain- soil group used in non-orthogonal 
analysis of variance 
Rain- soil group 
Rain < 400 mm > 400 mm 
Soil AI Az B c Az B c1 Cz Total 
Sera! High 9 9 5 7 6 II 4 7 58 
status: Low 4 4 6 4 4 8 7 6 43 
Total 13 13 II II 10 19 II 13 101 
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Table 3 Average annual rainfall (mm) of high and low 
seral status sites in eight rain- soil groups (means with 
common letters not significantly different at 5% level) 
Rain-soil group (R.S.G.) 
Sera! < 400 mm > 400 mm 
status (S.S.) A, Az B c Az B c, Cz Means 
High 320 326 343 369 443 462 446 446 394 
Low 334 328 373 370 426 447 434 452 395 
Means 327 327 358 369 434 454 440 449 
d d c c b a ab ab 
Analysis 
Source F Sign if. 
R.S.G. 89,1 ** 
S.S. 0,1 n.s. 
R.S.G. X S.S. 1,7 n.s. 
with a high seral status, 43 with a low sera! status and 29 
in an intermediate group. Further P.C.A.'s were done with 
and without the inclusion of the non-grasses. Most variation 
at the first component (23%) was accounted for when only 
the grass frequencies were used in the 58 high seral status sites. 
Similar groupings were shown in all the P.C.A.'s attempted 
but it is most clearly shown when only the 58 sites are used. 
When soil characteristics are plotted on the ordination three 
texture groups were formed, except for the low rainfall. 
However, sites with medium textured B soils are grouped with 
the light textured A soils. All the low rainfall sites are located 
together except for the heavy textured C soils which are 
located in the high rainfall group. Furthermore the high 
rainfall A soils are located with the low rainfall group. 
The clay content of the soils at each site for three depths, 
0- 10 em, 30- 60 em and 60- 90 em is shown in Table 4. 
Superficially there appears little difference between the A and 
B soils while within the C soils there appears to be a grouping 
of heavier textured soils. Through the profile the separation 
of the A, B and C soils appears to be more obvious - also 
more obvious is the heavier sub-group within the C soils. 
The pH and available phosphorus of the soil surface (0- 10 
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em) is shown in Table 5. The pH (generally low) is relatively 
similar for all sites except for a group of A soils in the low 
rain area. A similar grouping occurs for available phosphorus. 
Species- habitat relationships 
Themeda triandra occurred only in the high rainfall area 
having an increasing frequency with increasing clay content 
of the soils. The exception was its occurrence (at a high 
frequency) on the heavy textured C soils in the low rainfall 
area. Eragrostis lehmanniana had low frequency on the C soils 
in both rainfall areas, moderate frequency on the B and A 
soils in the high rainfall area, while its highest frequency 
occurred on the A soils in the low rainfall area. 
Sporobolus fimbriatus, Digitaria eriantha and Eragrostis 
obtusa were associated with C soils in both rainfall areas. 
Conversely Stipagrostis uniplumis and Stipagrostis obtusa are 
restricted to the lighter textured soils. 
Stipagrostis uniplumis occurred on the A soils in both 
rainfall areas as well as the B soils in the low rainfall area. 
However, Stipagrostis obtusa was restricted to the A soils in 
the low rainfall area which had the highest available phos-
phorus and were alkaline. 
Aristida congesta was recorded at most sites, reaching its 
highest frequencies on the A and B soils in the low rainfall 
area. Anthephora pubescens was inconsistent in its occurrence 
but was mainly found on the A and B soils in the high rainfall 
area and the B soils in the low rainfall area. 
Results of the analysis of rainfall, clay percentage (0- 10 
em and 30- 60 em), and available phosphorus and pH at 
0- 10 em, are presented to summarize the rain- soil groups 
(Tables 3- 5). These showed no overall difference between 
the high and low sera! groups nor any interaction with the 
rain- soil groups for any of these five variables. The main 
differences occur between the rain- soil groups. 
Soils in the high rainfall groups received relatively similar 
rainfall. However, in the low rainfall group soils, the A1 and 
Az soils received less rain than the B and C soil sites. 
Overall there was a significant difference in clay percentage 
between the soils (Table 4), i.e. Cz > cl > B > Az = AI, 
although in the low rainfall group B = A 1• 
All available phosphorous values are low (< 10 p.p.m.) 
Table 4 Average clay percentage at (i) 0-10 em and (ii) 30-60 em 
ot high and low seral status sites in eight rain- soil groups (means 
with common letters not significantly different at 5% level) 
Rain - soil group (R.S.G.) 
Sera! < 400 mm > 400 mm 
status (S.S.) A, Az B c Az B c, Cz Means 
High 5,8 6,0 8,0 16,9 7,9 9,1 11,1 17,9 10,4 (i) Low 8,8 6,5 9,7 16,0 6,4 10,2 12,3 16,5 10,8 
Means 7,3 6,2 8,8 16,5 7,1 9,7 11 ,7 17,2 
de e cd a de c b a 
High 8,8 8,9 12,6 39,4 9,8 17,2 25,0 37,8 19,9 (ii) Low 12,3 8,9 16,4 35,6 9,1 16,4 24,3 40,6 20,5 
Means 10,6 8,9 14,5 37,5 9,5 16,9 24,7 39,2 
de e cd a e c b a 
(i) Analysis (ii) Analysis 
Source F Signif. Source F Sign if. 
R.S.G. 34,8 ** R.S.G. 83,4 ** 
s.s. 0,7 n.s. s.s. 0,3 n.s. 
R.S.G. X s.s. 1,2 n.s . R.S.G. X s.s. 0,9 n.s. 
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Table 5 (i) Surface available phosphorus (p.p.m.) and (ii) pH of 
high and low seral status sites in eight rain- soil groups (means 
with common letters not significantly different at 5% level) 
Rain- soil group (R.S.G.) 
Sera! < 400 mm 
status (S.S.) AI Az B c 
High 8,4 4,5 3,3 9,0 
Low 7,9 5,7 3,1 7,9 
Means 8,2 5,1 3,2 8,5 
a b cd a 
High 7,4 6,2 5,6 6,0 
Low 7,3 6,0 5,7 6,0 
Means 7,3 6,1 5,6 6,0 
a b cd b 
(1) Analysis 
Source F Sign if. 
R.S.G. 30,3 ** 
s.s. 0,8 n.s. 
R.S.G. X S.S. 0,7 n.s. 
(Table 5) with only soils A 1 and C in the low rainfall group 
having values above 6 p.p.m. 
Although there were differences in pH between the soils 
(Table 5), the most notable feature was that only the A1 soils 
in the low rainfall group were alkaline. 
Distribution of species 
The vegetation variates used for analysis were the percentage 
frequency of Themeda triandra, Eragrostis lehmanniana, 
Arisida congesta and the non-grasses (combined) (Tables 6 
& 7). The percentage basal cover and litter for the sites were 
also analysed (Table 8). 
Themeda triandra frequency was associated with sera! status 
and rain- soil grouping {Table 7). It was prominent only on 
sites with a high sera! status. In the low rainfall group this 
only occurred on the heavy textured C soils while in the high 
rainfall group it occurred on all the soils except the light 
textured A2 soils. The trend was for Themeda frequency to 
>400 mm 
Az c c1 Cz Means 
2,1 2,3 2,7 3,5 4,5 (i) 3,0 2,3 3,6 3,3 4,6 
2,5 2,3 3,2 3,4 
cd d cd c 
5,7 5,6 5,6 5,9 6,0 (ii) 5,5 5,4 5,7 5,8 5,9 
5,6 5,5 5,6 5,9 
cd d cd be 
.. (n) Analysis 
Source F Sign if. 
R.S.G. 33,4 ** 
s.s. 1,0 n.s. 
R.S.G. X s.s. 0,6 n.s. 
increase with increasing clay percentages. Eragrostis /ehman-
niana occurred on all sites, having high frequencies on soils 
with low sera! status where similar soils with high sera! status 
had been dominated by Themeda. However, it obtained its 
highest frequencies in the lighter textured soils (A and B) in 
the low rainfall area where Themeda was absent. 
Aristida congesta predominated in the sites with a low sera! 
status (Table 7). There appeared to be little difference in 
frequency owing to rainfall group or soils, although there was 
an indication that its frequency became lower as the soils 
became heavier in texture. The non-grasses were present in 
both sera! groups but reached their highest frequency in the 
sites with a low sera! status and this being higher in the low 
rainfall area. Basal cover was significantly greater on the sites 
with a high sera! status, greatest on sites in the high rainfall 
area, and tended to increase with increasing clay in the soil 
{Table 8). Litter was also higher in the sites with a high sera! 
status and this most noticeably occurred in the high rainfall 
Table 6 Percentage frequency of (i) Themeda triandra and 
(ii) Eragrostis lehmanniana of high and low seral sites in eight 
rain - soil groups (means with common letters not significantly 
different at 5% level) 
Rain - soil group (R.S.G.) 
Sera! < 400 mm > 400 mm 
status (S.S.) AI Az B c Az B c1 Cz Means 
High 0 0 0,8 56,7 4,8 41,1 50,8 58,1 26,5a (i) Low 0 0 0,1 5,8 1,6 1,1 1,6 4,5 1,8b 
Means 0 0 0,4 31,3 3,2 21,1 26,2 31,3 
c c c a c b ab a 
High 54,8 49,5 36,9 3,3 21,2 16,7 7,8 3,4 24,2b (ii) Low 39,0 47,7 44,2 22,3 28,9 29,6 19,3 20,8 31,5a 
Means 46,9 48,6 40,5 12,8 25,0 23,2 13,5 12,1 
a a a c b b c c 
(i) Analysis (ii) Analysis 
Source F Signif. Source F Signif. 
R.S.G. 31,5 ** R.S.G. 17,88 ** 
S.S. 182,8 ** s.s. 8,0 ** 
R.S.G. X S.S. 24,6 ** R.S.G. X S.S. 2,5 * 
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Table 7 Percentage frequency of (i) Aristida congest a and (i i) non-
grasses combined, of high and low seral sites in eight rain- soil 
groups (means with common letters not significantly different at 
5% level) 
Rain- soil group (R.S .G.) 
Sera! <400 mm >400 mm 
status (S.S.) AI Az 8 c Az 8 c1 Cz Means 
High 1,9 12,9 17,7 3,5 9,4 2,5 4,8 1,4 6,8b (i) Low 3,1 30,9 27,9 16,5 16,4 40,5 28,7 15,8 22,5a 
Means 2,5 21,9 22,8 10,0 12,9 21,5 16,7 8,6 
d ab a cd be a abc cd 
High 5,2 10,1 2,7 10,9 7,2 7,1 6,4 7,3 7,1b (ii) 
Low 10,9 14,3 12,9 24,3 5,5 4,4 11,5 12,5 12,0a 
Means 8,0 12,2 7,8 17,6 6,4 5,7 9,0 9,9 
be b be a c c be be 
(1) Analys1s .. (n) Analysis 
Source F Signif. Source F Signif. 
R.S.G. 6,2 ** R.S.G. 4,7 ** 
s.s. 52,9 ** s.s. 15,6 ** 
R.S.G. X s.s. 4,4 ** R.S.G. x S.S. 2,6 * 
Table 8 Percentage (i) basal cover and (ii) litter of high and low 
seral sites in eight rain - soil groups (means with common letters 
not significantly different at 5% level) 
Rain- soil group (R.S.G.) 
Sera! <400 mm 
status (S.S.) AI Az 8 c 
High 4,2 3,0 3,6 6,8 
Low 3,6 2,4 2,5 5,0 
Means 3,9 2,7 3,0 5,4 
cd d d abc 
High 0,6 0,1 0,1 2,4 
Low 0,1 0,3 0,1 0,7 
Means 0,3 0,2 0,1 1,5 
c c c 
(1) Analys1s 
Source F Signif. 
R.S.G. 6,9 ** 
s.s. 44,5 ** 
R.S.G. X S.S. 2,9 * 
area (Table 8). 
In the low rainfall area the litter percentage was low and 
relatively similar on all soils except for the heavier textured 
C soils where it was similar to that on the C1 soil in the high 
rainfall area. A study of Acocks (1971) grass species 
distribution maps shows that the south-western Orange Free 
State incorporates the limits of distribution of a number of 
species recorded in this study, e.g. Anthephora pubescens, 
Cenchrus ciliaris, E/ionurus muticus, Setaria .f/abellata, 
Schmidtia pappophoroides, Stipagrostis ci/iata, Stipagrostis 
obtusa and Stipagrostis uniplumis. Acocks explains the spatial 
distribution of grasses in South Africa in nine major patterns. 
The grasses of the south-western Orange Free State belong 
to four of these patterns: 
The north-eastern distribution of tropical and sub-tropical 
species; 
The Kalahari type of distribution; 
b 
>400 mm 
Az 8 c1 Cz Means 
5,7 7,2 8,8 9,0 6,0a (i) 3,7 3,5 4,0 3,9 3,5b 
4,7 5,3 6,4 6,5 
be ab a a 
0,2 1,3 2,0 4,0 1,3a (ii) 0,1 0,4 0,6 0,9 0,4b 
0,1 0,8 1,3 2,4 
c be b a 
.. (n) Analysis 
Source F Signif. 
R.S.G. 8,1 ** 
s.s. 19,6 ** 
R.S.G. x S.S. 3,7 ** 
The north-western type of distribution; 
The Karoo type distribution. 
Distribution maps were obtained from Acocks (pers. comm.) 
of many of the species recorded in the south-western Orange 
Free State in addition to those already published (Acocks 
1971). The general distribution pattern of these species and 
their local distribution in the south-western Orange Free State 
have been tabulated (Table 9) as marginal (M), or well within 
the area of the species distribution range (well adapted = A). 
For many of the marginal species it has been noted where 
their distribution occurs in proximity to the 400 mm isohyet. 
A summary of the distribution and frequency of all grasses, 
and the most common 'non-grasses' found in the recorded 
135 sites (including five rocky hilly sites - two with a 
southerly aspect and three with a northerly aspect) is given 
in Appendix 2. The species have been ordered to reflect the 
rain- soil interaction. 
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Table 9 Adaptation (A - well adapted, M 
marginal) of grasses in the SW Orange Free 
State according to their distribution in South 
Africa (Acocks 1971, and pers. comm.) 
Ecological distribution pattern (Acocks 1971) 
North-eastern 
*Cydac Mw 
Cyplu A 
Elmut Mw 
Erchl Ml 
Erden A 
Ergum Mw 
Ersup Ml 
Eumut A 
Hecon A 
Hyhir A 
Micaf Mw 
Orcap A 
Pasta A 
Rhrep A 
Sella Mw 
Thtri A 
Trgra Mw 
Trand Mw 
Upan Ml 
Kalahari North-western 
Anpub M2 Asgla M4 
Arcon A Endes Md 
Cecil Md Steil Md 
Ertri M3 Stobt Md 
Posqu M3 
Scpap M3 
Stuni M4 
• See Appendix I for species names. 
Karoo 
Ardif A 
Diarg A 
Dieri A 
Erleh A 
Erobt A 
Ertru M4 
Fiafr M4 
Spfim A 
Trkoe A 
Trrac A 
w - species occur on the 'wetter' side of the 400 mm isohyet. 
d - species occur on the 'drier' side of the 400 mm isohyet. 
I - species occur at drier limit of southern distribution. 
2 - species occur at SE limit of distribution. 
3 - species occur at S. limit of distribution . 
4 - species occur at wetter limit of distribution. 
Evidence for a transition zone from 'mesophytic' to 'xero-
phytic' species in the vicinity of the 400 mm rainfall isohyet 
is reflected in the occurrence of species in either of these areas. 
Species found only (or mainly) on sites receiving more than 
400 mm rainfall include: Sporobo/us /udwigii, Enneapogon 
scoparius, Oropetium capense, Eragrostis denudata, Uroch/oa 
panicoides, Microch/oa caffra, Elionurus muticus, Digitaria 
argyrograpta, Cynodon dactylon, Triraphis andropogonoides, 
Setaria jlabel/ata, Trichoneura grandiglumis and Eragrostis 
gummijlua. Species found only (or mainly) on sites receiving 
less than 400 mm rainfall include: Eragrostis truncata, Stipa-
grostis ci/iata, Stipagrostis obtusa, Asthenatherum g/aucum 
and Enneapogon desvauxii. All of the species except Digitaria 
argyrograpta restricted to the 400 mm rainfall area, were 
'north-eastern' in origin (Table 9) and except for Oropetium 
capense, Eragrostis denudata and Digitaria argyrograpta were 
regarded as being marginal because of their distribution. All 
of the species except Eragrostis truncata, restricted to the< 
400 mm rainfall area, were of 'Kalahari' or 'north-western' 
origin. 
All of the strong perennial grasses of 'north-eastern' dis-
tribution, e.g. Panicum stapfianum, Heteropogon contortus, 
Themeda triandra and Cymbopogon p!urinodis were more 
prominent in the high rainfall area (Appendix 2) where they 
occurred on all soil types, although not with any prominence 
on the sandy A2 soils. In the low rainfall area they only reach 
prominence on the heavy textured C soils. 
Moisture is probably the limiting factor in the distribution 
of the above grass species in this environment. Rainfall per 
se is a coarse indicator of available moisture which can be 
modified by the 'water potential' of the soil - a combination 
Table 10 Estimated available moisture (mm) in 
the rain- soil groups for 0- 30 em and 0-60 em 
profiles (based on correlations developed by Van 
der Merwe 1973) 
Rain- soil group 
Rain >400 mm < 400 mm 
Depth (em) 
0- 30 76 63 54 40 75 50 39 49 
0-60 160 138 116 84 162 105 78 93 
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of infiltration and water holding capacity. The estimated 
available water holding capacity of the soils (Table 10) 
calculated from their clay and silt content, using correlations 
developed by Van der Merwe (1973), indicates that the dif-
ferences between the soils become more marked with depth. 
Themeda triandra best exemplifies the apparent moisture 
dependence of the strong perennial 'north-eastern' grasses. In 
the high rainfall group it reaches high frequencies on Cz, C1 
and B soils, with low frequencies on the sandy Az soils 
(Appendix 2), while it only reaches a high frequency on the 
heavy textured C soils in the low rainfall area. In addition, 
all of the C soils in the low rainfall area are situated low in 
the landscape, being areas of water run-on, thus accentuating 
their 'moisture potential' for this environment. The dominance 
of Themeda on the 'mesophytic' southerly aspects of the stony 
hills, and its near absence from the more 'xerophytic' norther-
ly aspects (Appendix 2) further emphasize its moisture 
dependence. 
The strong perennial 'Kalahari' species, e.g. Anthephora 
pubescens and Stipagrostis unip!umis, and the 'north-west' 
species, e.g. Stipagrostis obtusa, are associated with the light 
textured B and A soils (Appendix 3). Anthephora pubescens 
and Stipagrostis uniplumis occur in both rainfall areas but 
are at the limit of their distribution (Table 9). Stipagrostis 
uniplumis reaches its highest frequencies on sandy Az soils. 
Stipagrostis obtusa only occurs in the low rainfall area, and 
only attains high frequencies on the sandy alkaline A1 soils. 
Cenchrus ciliaris, also a strong perennial arid 'north-west' 
grass, only occurs in this low rainfall area on the warmer 
xerophytic northerly aspect slopes of the stony hills. There 
are indications that in warmer parts it was of general 
occurrence and of great importance (Acocks 1971). 
The strong perennial grasses of the 'Karoo" distribution, 
e.g. Digitaria argyrograpta and Digitaria eriantha, had a 
similar occurrence in the region as the mesophytic 'north-
eastern' grasses (Appendix 2). They were frequent on the C 
and B soils in the high rainfall area, but only on the C soils 
in the low rainfall area. Digitaria argyrograpta, of which the 
potential distribution (Table 9) suggested it would occur in 
the low rainfall area, was absent from this part of the region. 
The occurrence of a high frequency of strong perennial 
grasses at a particular site was dependent on the site having 
a high seral status. Accurate historical records on grazing were 
difficult to obtain as a basis for comparative grazing use 
between soils. Such comparisons were confounded by inter-
actions between animal type (sheep and cattle), grazing 
pressure, time of the year when grazed, length of grazing 
periods, length of rest and seasonal conditions. However, sites 
with a high seral status can be summarized as those which 
did not have a history of overgrazing and had been relatively 
leniently used, or in some cases, had been ungrazed for a long 
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time. Conversely, sites with a low sera! status and dominated 
by annuals had a history of over-grazing. Aristida congesta, 
a xerophytic 'Kalahari' grass reached a high frequency in all 
overgrazed sites (Appendix 2), although on heavy textured soils 
it was in part replaced by Eragrostis obtusa and Cynodon 
hirsutus, while on the lighter textured soils Pogonarthria 
squarrosa was an additional species. Other annual grasses that 
could be prominent but with a restricted distribution and soil 
adaptation were Cynodon dactylon in the high rainfall area 
on light soils, and Enneapogon desvauxii in the low rainfall 
area on the sandy alkaline A, soils. 
The perenniality of Eragrostis lehmanniana was related to 
soil and rainfall. It tended to act as an annual/biennial on 
the heavier soils and a perennial on the lighter soils. This 
tendency was accentuated by rainfall areas and it was more 
likely to function as an annual/biennial on sites receiving 
> 400 mm rainfall and a perennial on sites receiving < 400 mm 
rainfall. 
There was no clear sera! status associated with the non-
grasses (many of them Karoo subshrubs). They occurred at 
all sites with a range of frequencies. The trend was for sites 
with low sera! status to have more non-grasses than sites with 
a high sera! status. However, it was possible to find sites with 
a low-sera! status having few subshrubs, while sites with a 
high sera! status could have many sub-shrubs. It would appear 
that the Karoo subshrubs are a part of the south-western 
Orange Free State sandveld and although Acocks (1975) 
implies the region has been 'invaded' it is more likely that 
their appearance is due to a local increase of in situ plants. 
The most frequent and widespread non-grasses were Chryso-
coma tenuijolia and Pentzia globosa (Appendix 3). Also 
widespread but of low frequency were Wa/afrida saxatilis and 
Lycium spp. (mainly L. oxycladum). Some species e.g. 
Nest/era minuta, Pentzia incana, Plinthus karooicus and 
Pteronia sordida were only found in the low rainfall area. 
Others only attained high frequencies in the low rainfall area 
e.g. Aptosimum marlothii, Pentzia calcaria, Eriocephalus 
ericoides. Not specific to but attaining high frequencies in the 
high rainfall area, was Felicia muricata. 
Conclusions 
The establishment of benchmark sites in the south-western 
Orange Free State sandveld requires an awareness that the 
area contains a transition zone between mesophytic subtropical 
(north-eastern) grasses and xerophytic desert (Kalahari and 
north-western) grasses. The other main grass species are of 
'Karoo' origin and ecologically well adapted. It appears that 
the changeover from mesophytic to xerophytic occurs about 
the 400 mm rainfall isohyet. It is proposed that the major 
grass species that can contribute at a particular site can be 
determined mainly by soil texture after accounting for rainfall. 
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Appendix 1 Species list with acronym derived from 
first two letters of genus and first three letters of 
species 
Grasses 
*An pub Anthephora pubescens P 
* Arcon Aristida congest a A 
A r d i f Aristida diffusa 
Armer Aristida meridiana/is 
Asgla Asthenatherum glaucum 
C e c i I Cenchrus ciliaris 
C h vir Chloris virgata 
*Cydac Cynodon dactylon P 
*C y hi r Cynodon hirsutus P 
*Cyplu Cymbopogon plurinodis P 
* D i a r g Digitaria argyrograpta P 
*Die r i Digitaria eriantha P 
Elmut Elionurus muticus 
*Endes Enneapogon desvauxii A 
Ensco Enneapogon scoparius 
* E r c h I Eragrostis chloromelas 
Erden Eragrostis denudata 
Ergum Eragrostis gummiflua 
*ErIe h Eragrostis lehmanniana 
*Erobt Eragrostis obtusa A 
*Ersup Eragrostis superba 
*E r t r i Eragrostis trichophora 
E r t r u Eragrostis truncata 
Eumut Eustachys mutica 
F i a f r Fingerhuthia africana 
*Hecon Heteropogon contortus P 
Hyhir Hyparrhenia hirta 
Micaf Microchloa caffra 
Orcap Oropetium capense 
*Past a Panicum stapfianum P 
*Posqu Pogonarthria squarrosa A 
Rhrep Rhynchelytrum repens 
Scpap Schmidtia pappophoroides 
S e f I a Setaria jlabellata 
*Spfim Sporobolus fimbria/us 
Splud Sporobolus ludwigii 
S t c i I Stipagrostis cilia/a 
Non-grasses 
* Apmar Aptosimum marlothii 
*Beono Berkheya onopordijolia 
*Ch ten Chrysocoma tenuifolia 
*Cyspp Cyperus spp. 
*Ere r i Eriocepha/us ericoides 
* E r s pi Eriocephalus spinescens 
*Femur Felicia muricata 
Gakre Gazania krebsiana 
*Gnpol Gnidia polycephala 
Hedre Helichrysum dregeanum 
Hepal Hertia pal/ens 
*Lyspp Lycium spp. 
*Necon Nest/era conferta 
*Nemic Nenax microphylla 
*Nemin Nest/era minuta 
No c i I No/lelia ciliaris 
* 0 s I e p Osteospennum leptolobum 
*Pecal Pentzia calcaria 
*Peg I o Pentzia globosa 
* P e inc Pentzia incana 
*PIka r Plinthus karooicus 
* P t so r Pteronia sordida 
* P t s pi Pterothrix spinescens 
*Thhys Thesium hysterix 
*Wasax Walafrida saxatilis 
S. Afr. J. Bot., 1986, 52(1) 37 
Grasses Non-grasses Grasses Non-grasses 
*S to b t Stipagrostis obtusa P T r g r a Trichoneura grandiglumis 
*Stun i Stipagrostis uniplumis P Urpan Urochloa panicoides 
*T h t r i Themeda triandra P 
*Trkoe Tragus koelerioides * Species used in P.C.A. 
T r r a c Tragus racemosus P = Strongly perennial 
T rand T riraphis andropogonoides A = Annual 
Appendix 2 Distribution and mean frequency of plant species (*) in sites of high (H), intermediate (I) and low 
(L) seral status in the rain- soil groups 
1 Grasses 
Rain- soil group 
Rain > 400 mm < 400 mm Hills 
Soil Cz c1 8 Az c 8 Az AI s N 
Sera! st. H L H L H L H L H L H L H L H L H H 
Splud* d" d e e 
Ensco d e < 16 3 
Or cap e f 
Erden e d le <I <I 
Chvir d e d e 
Urpan e e 
Micaf e <I <I 
Elmut f e f d f le < 1 1 
Diarg 68 4C SA A ld 88 ld d e <I 3 
Pasta 18 8 18 d le ld !C ld d d ld 
Dieri 9A !C 9A 8 f 4C If f e SA le 2 10 
Hecon d e 38 d 8 28 !C 8 lc e f e d 22 58 
Ersup 18 3C !A SA 2A 2A 28 !A d 18 f d d d 
Cyhir 18 4A d !A 28 e e e 2A !2A e d 8 <I 
Erobt !A !6A ld !2A 20A e 3e !C e 4A SA e d <I < 1 
Erchl 58 58 5d f 8 ld f 4A 3A e d < 1 <I 
Thtri 58 A SA 51 A 3A 2A 4!A !2A !A SA 2d 57 A 6A 18 !C c e 45 1 
Spfim 28 28 8 8 8 d e f e e !A A e d e e 1 1 
Cyplu 2A 8 !A e e 8 d f d d 3A A 8 d d c e e 9 2 
Ertri f d e 28 48 d 6A 6A !!A 9A e d !2A !C le !C 8 e 
Trkoe 4A !2A 4A 4A 4A SA 3A !2A 38 12A 2A 7A SA 58 12A !C 18 e ld 38 6 6 
Erleh 3A 2!A SA 5!A !9A !7A 27A 30A 21A 29A 3A 22A 37A 60A 44A 50 A 50A 48A 55 A 39A 1 1 
Arcon !A !6A SA !2A 29A 3A !7A 4!A 9A !6A 4A !7A !SA !4A 28A 13A 26A 3!A 2A 2B 2 2 
Cydac e d c e e ld !C ld lOA e < 1 
Trand e c f e 
Sella e !C f ld e 
Trgra f f 
Ergum c e 
Ardif e f d f e e e e e c c d e < 1 
Posqu e e d c lB 18 2A 2A 2C A d !C 18 e 
Anpub 58 98 d !7A 58 5C e d e 
Scpap e f ld d 8 5C 2B 6C 18 d 
Trrac f f e f e f e 
Armer e e f 
Stuni d e 98 18 20A SA !SA SA c 2!A 9A !A e e 
Fiafr e f e <1 
Ertru f d 28 e d 
Steil e le f !B c 
Stobt le e c c A 32A 12A 
Asgla f e 
En des d e e 2A 4B 79A < 1 < 1 
Eumut 2 2 
Hyhir <I 
Rhrep < 1 1 
2 Non-grasses 
Cyspp d !C d 2B JB !C 3A !!A JC 3A 
Hedre c c d f B c d d 8 d e 
Nemic B 8 ld 8 d e !A !A d B d 
Necon B B d d f !A A e B f 
Hepal B d B e B f d e f e d d c 8 
Femur !A 4A 2A A 2B d ld 2e d e JC f d 
Beona A A A A c c e d A A d e c e e 
Gakre d d e c d d B d c B c e 
Wasax A A A A A A A A A A A B c e e 
Peglo 3A 2A !A 2A lB c d e 2A 4A c !B d !B !A lA 
Chten B lA A 2A A 2A lA A B d c lA A 2A c B 
Lyspp. A A d !A c d d B c A A B A B c A 
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Rain - soil group 
Rain 
Soil 
Sera! st. H L 
2 Non-grasses 
Ptspi 
Oslep 
Nocil 
Pecal 
Thhys 
Apmar 
Ereri 
Gnpol 
Erspi 
Nemin 
Peine 
Plkar 
d d 
e d 
f 
d 
H 
d 
e 
e 
e 
> 400 mm 
L 
c 
f 
f 
e 
f 
d 
e 
f 
H 
A 
8 
8 
e 
d 
e 
8 A2 
L H L 
8 18 8 
d C e 
d 2C e 
e 
d d 
e C e 
f f e 
c 
H L 
e A 
f 
C 18 
A lA 
e 
f e 
f 
A A 
A A 
e 3A 
c 
H 
A 
8 
e 
c 
c 
c 
c 
d 
c 
8 
< 400 mm 
L H 
8 lA 
d A 
d lA 
d d 
d 8 
SA 18 
d 28 
A d 
C 18 
d lA 
e d 
A2 
L 
A 
d 
SA 
e 
A 
38 
lA 
28 
A 
At 
H L 
d d 
f e 
e 
lA 3A 
d d 
d d 
B e 
d b 
f d 
c lA 
lA lA 
8 A 
Ptsor e e 8 A 
• See species list for names (Appendix I) 
t; Relative OJo frequency 
0 Frequency of occurrence within a soil-type- A= 100; 8 = 71; C= 51-70; d= 31- 50; e= 16- 30; f= < 15 
Appendix 3 (a) The main soil categories of the SW 
Orange Free State sandveld and (b) the main grass 
species likely to contribute to the above soils (and hills) 
in rainfall areas receiving more or less than 400 mm 
(a) 
Depth (em) 
0 - 10 
30 - 10 
60+ 
5-8 
6 - 11 
8 - 13 
Soil type and clay percentage 
A2 
5 - 8 
6 - 11 
8 - 13 
8 
7 - 11 
12 - 19 
14 - 25 
9 - 15 
20 - 30 
30 - 35 
14+ 
30+ 
35+ 
Typical soil 
form 
Series 
. Clovelly Hutton Hutton Hutton Shortlands 
Sandspruit Mangano Sharrocks Sharrocks Glendale 
Oranje ( - ) ( +) 
*these soils alkaline, the rest with pH < 7 
(b) 
Species• 
Diarg 
Hecon 
Dieri 
Thtri 
Cyplu 
S N 
X X 
X X 
X 
X X 
> 400 mm 
C2 Ct 8 A2 
X X X 
X X 
X X X 
X X X X 
X X 
Rain - soil group 
< 400 mm 
C 8 A2 At 
X 
X 
X 
Strong 
perennials 
Rain - soil group 
Hillsb > 400 mm < 400 mm 
Species• S N C2 Ct B A2 C 8 A2 At 
Pasta 
Eumut 
Cecil 
An pub 
Stuni 
Stobt 
Steil 
Ersup 
Spfim 
Erchl 
Erleh 
Scpap 
Cydac 
Erobt 
Cyhir 
Trkoe 
Arcon 
Posqu 
En des 
X X 
X 
X X X 
X X 
X 
X 
X X X 
X 
X X 
X X X X X 
X X X X 
X X X X X X X X X X 
X X 
X X 
X X X 
X X 
X 
X 
XX XXXX XXX 
X X X X X X X X X X 
X X X X 
X X 
• See Appendix I for species name 
b Aspect: s - southerly; n - northerly 
I 
Hills 
S N 
H H 
Strong 
perennials 
Annuals 
